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(71) We, E. I. DU PONT DE NEM- 
OURS AND COMPANY, a Corporation or- 
ganised and existing under the laws of the 
State of Delaware, United States of America, 
located at Wilmington, State of Delaware, 
United States of America, do hereby declare 
the invention for which we pray that a patent 
may be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

Many commonly used chemicals are pro- 
duced and sold in pulverulent form but are 
slurried, dispersed or dissolved in water when 
used by the consumer. Examples of these mat- 
erials are pesticides, specifically, insecticides, 
herbicides, nematicides, and fungicides which 
are applied as a water spray, cleaning pro- 
ducts such as laundry detergents, bleaches, and 
caustic cleansers which are dissolved in wash 
water, and process chemicals such as carbon 
black and activated charcoal which may be 
slurried in water and pigments and dyes which 
are dissolved or dispersed. 
There are several problems associated witb 
25 the use of these types of products. The first 
of these problems is exposure of the user and 
his immediate surroundings to the chemical 
Opening a package of finely ground material, 
measuring an amount of the material and 
transferring the measured amount from the 
package to the equipment where tie material 
is contacted with water can generate airborne 
dust which contacts the user and contamin- 
ates the area, A pesticide dust could be ir- 
ritating to the eyes and mucous membranes of 
the nose and throat of the user. A herbicide 
dust could damage plants in the area where 
the packages are opened. Dusts of pigments of 
activated charcoal present severe clean-up 
problems. 

The second problem in using common pul- 
verulent chemicals is accuracy of measure- 
ment Clearly, overcharging of expensive mat- 
eriajsjscostly. Use of a weak solution of a 



30 



35 



40 



herbicide will not properly control the un- 45 
desired plant species. Use of too strong a solu- 
tion of the same material may damage some 
desired plants as well as the undesired weeds. 
It is frequently extremely difficult to accurately 
measure and transfer powdery materials in 50 
areas exposed to wind or materials which have 
become compacted and lumpy in their pack- 
ages. 

Finally, after the chemical has been used, 
the user is faced with the problem of dispos- 55 
ing of the package in which the chemical was 
delivered. It may contain residual amounts of 
a material which is a pollution problem, poten- 
tially hazardous to humans, harmful to plants 
and animals, or merely unpleasant and un- 60 
sightly. 

It is an object of this invention to provide 
polymeric films, rapidly soluble in cold water, 
which may be used as packages for pulverulent 
materials. The film package containing the 65 
material can be directly charged to the water, 
thus eliminating problems of the user's con- 
tact with the chemical in the package, exact 
measuring and container disposal 

The water soluble packages made from 70 
polymeric films based on polyvinyl alcohol, 
aliphatic polyethers and polyethylene glycols 
currently available are soluble in water at 
above about 90°F. In water at temperatures 
below 75°F. -films and packages made from 75 
these polymers do not truly dissolve, but 
disintegrate into small gel-like particles which 
are resistant to complete dissolution. These 
gel-like particles tend to deposit on vessel 
walls, piping, pumps and valves and restrict 80 
flow through screens and nozzles. The poly- 
meric films of this invention are rapidly and 
completely soluble in water at a temperature 
as low as 40°F. without forming gel-like 
particles of undissolved or undispensed poly- 85 
mer. U.S. Patent No. 3,458,311 (Alles) teaches 
an oxygen barrier "stratum" (coating) of 
polyvinyl alcohol and polyvinyl pyrrolidone, 
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which protective stratum "is so thin that it 
cannot be stripped mechanically unsupported, 
in one piece from the photopolymenzable 
layer." Furthermore the reference does not 

5 suggest the ratios and molecular weight limits 
of the polymers required for cold water sol- 
uble films with practical strength and flexibility 
for packaging. 
The present invention provides a film which 

10 is 0.0005 to 0.010 inch thick and which com- 
prises a mixture of: 

(a) 10 to 75%, by weight of the film, of a 
polymer which has a weight average 
molecular weight greater than 120,000 
15 and which is polyvinyl alcohol (as herein- 
after defined) or polyvinyl pyrrolidone; 
and 

• (b) 90 to 25% by weight of the film, of a 
polymer which has a weight average 

20 molecular weight of less than 50,000 and 
which is polyvinyl alcohol (as hereinafter 
defined) or polyvinyl pyrrolidone subject, 
however, to the provisos (1) that if poly- 
mer (a) is polyvinyl alcohol, polymer (b) 

25 is not polyvinyl alcohol and (2) that if 
polymer (a) is polyvinyl pyrrolidone, 
polymer (b) is not polyvinylpyrrolidone. 

Especially preferred is a film comprising 30 
parts by weight polyvinyl pyrrolidone having 

30 . a weight average molecular weight of about 
360,000, 70 parts by weight polyvinyl alcohol 
having a weight average molecular weight of 
about 21,000 which is from 88 to 90 mol per- 
cent hydrolysed polyvinyl acetate, and 10 to 

35 15 parts by weight of glycerol or polyethylene 
glycol having a weight average molecular 
weight of about 400. 

The present invention also provides pack- 
ages made from these films. Packages pre- 

40 pared from these films are readily soluble in 
cold water, thus eliminating the need for 
water heating equipment Such packages pro- 
tect the user from contact with the contents of 
the package, provide premeasured amounts of 

45 the contents and. dissolve completely in water, 
thus eliminating any used package disposal 
problem. 

The films of this invention are from 0.0005 
to 0.010 inch thick. However, to obtain most 

50 rapid water solubility while still retaining 
sufficient strength, films of 0.001 to 0.005 inch 
thick are preferred. . . 

As used herein, the term polyvinyl alcohol 
means hydrolysed polyvinyl acetate, the de- 

55 gree of hydrolysis being from 87 to 99 mol 
percent. If a greater percentage of the higher 
molecular weight polymer is used, the dis- 
solving rate of the film is decreased. If a 
greater percentage of the lower molecular 

60 weight polymer is used, the film strength is 
decreased. The preferred range of concentra- 
tion of the higher molecular weight polymer 
in the film is 20 to 50% and particularly 



preferred are films having 25 to 35% of the 
higher molecular weight polymer. . 65 

The films of this invention are rapidly and 
completely soluble in cold water. At elevated 
temperatures in quiescent water at 90°F. com- 
plete solubility is achieved in only several 
seconds. At lower temperatures, 70°F., com- 70 
plete solubility is achieved in about 10 sec- 
onds. In cold water, at below 50°F., e,g. at 
45°F„ and even as low as 40° F. complete 
solubility of these films is achieved in gently 
agitated water in 1 minute or less. The greater 75 
the proportion of the higher molecular weight 
polymer, the slower the films dissolve in cold 
water. Above about 90% by weight of the 
higher molecular weight polymer fraction, the 
dissolving time in water at temperatures below 80 
about 45°F. is greater than about 1 minute, 
and a tendency to form the gel-like particles 
which resist complete dissolution for extended 
times is evident The films of mis invention 
also exhibit sufficient strength and flexibility 85 
for fabricating into packages which can be 
subsequently handled, provided the package is 
protected from contact with moisture or at- 
mospheres of high relative humidity. Tensile 
strengths of films range from about 2000 psi 90 
to 10,000 psi measured at a relative humidity 
of 50% with the films containing higher pro- 
portions of the high molecular weight polymer 
being stronger and exhibiting higher levels of 
elongation of 10 to 20% and greater flexibilty. 95 
Films containing the lower amounts of high 
molecular weight polymer exhibit a tendency 
to become brittle when exposed to air, at low 
relative humidity, such as 35%, or less, indi- 
cating the strong plasticizing effect of water 100 
on these films. In order to rninimize the pos- 
sibility of packages made from the film be- 
coming britde on storage, it is quite practical 
to make and fill the packages in an atmosphere 
. above 35% relative humidity and immediately 105 
enclose them in a moistureproof overwrap. An 
alternative method for preventing excessive 
brittleness under conditions of low relative 
humidity is to include small amounts of highly 
polar water-soluble substances such as di- 110 
methylf ormamide, dimemylacetamide, ethylene 
glycol, propylene glycol, glycerol or poly- 
glycols as plasticizers in the film. Plasticizers 
improve the flexibility and resistance to crack- 
ing on flexing of the mixed polymer films of 115 
this invention. However, increasing the con- 
centration of plasticizer in the film increases 
the sensitivity of the film to moisture. At re- 
lative humidities above about 50% handling 
film containing more than about 15 parts of 120 
plasticizer per 100 parts of polymer becomes 
difficult and the film tends to adhere strongly 
to itself and other, surfaces. Conversely at 
humidities below 35% relative humidity and 
with less than 5% plasticizer, the films are 125 
not sufficiently tough for convenient operation 
on high speed automatic packaging machines. 
Thus as much as 35 parts plasticizer per 100 
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parts polymer may be used, but concentrations 
of from 5 to 15 parts plasticizer per 100 
parts of the polymers (a) and (b) are pre- 
ferred. 

5 It is well known that water soluble, partially 
hydrolyzed granular polyvinyl alcohol poly- 
mers are slow to dissolve in water. High vis- 
cosity gel-like particles form when the poly- 
mer is added to water. These tend to agglomer- 
10 ate into balls and lumps as large as on-half 
inch in diameter. In order to form a smooth, 
uniform gel-free solution, very high shear, 
intensive mixing for several hours is required. 
Under conditions of lower shear stress, even a 
15 longer mixing time up to 100 hours is re- 
quired to produce a uniform solution. Sur- 
prisingly, however, it is now discovered that 
if the polyviny alcohol polymer is added to a 
polyvinyl pyrrolidone solution, the polyvinyl 
20 alcohol dissolves rapidly. Under even rather 
mild shear stress conditions uniform smooth, 
gel-free solutions of the mixed polymer are 
formed in 10 to 30 minutes. Polyvinyl pyr- 
rolidone polymers alone dissolve quite rapidly 
25 in water, without formation of gel-like par- 
ticles or agglomerates forming. Therefore, the 
mixed polymer aqueous solutions can be mad* 
by either; (1) preparing an. aqueous solution 
of polyvinylpyrrolidone into which is dissolved 
30 the polyvinyl alcohol polymer, or (2) dissolv- 
ing in water a blended mixture of dry granular 
polyvinyl alcohol and polyvinyl pyrrolidone 
polymers. The former method is especially 
useful when using a polyvinylpyrroUdone solu- 
35 tion supplied by the manufacturer whereas the 
latter method is useful when graular polymers 
are available. 

The films of this invention can be made by 
doctor knife casting solution of the polymers 
40 onto 0.005 inch thick "Mylar" polyester film 
supported on a flat glass plate. The dried 
cast films can be readily stripped from the 
polyester. They cannot be stripped from poly- 
ethylene or glass. "Teflon" polyfluorocarbon 
45 is not a suitable casting surface, since it is not 
readily wettable by the aqueous polymer solu- 
tion. 

Good knife casting performance requires 
a casting solution viscosity of from about 100 

50 to 1500 poises. Aqueous solutions of the poly- 
mer mixtures of this invention having a solids 
content of from about 10 to 50%, depending 
on average molecular weight, fall within the 
desired viscosity range. 

55 The cast films may be dried at room tem- 
perature, or temperatures up to about 90°C. 
and stripped from the casting surface. Satis- 
factory films can be prepared by simple dry- 
ing in air at about 70°F. and 40 to 50% 

60 relative humidity for about 6 hours. 

In addition to the method of doctor knife 
casting, other conventional methods can be 
used for making the films of this invention. 
For example, concentrated solutions of 50 to 

65 80% solids can be extruded and dried using 



conventional batch or continuous equipment. 
It is often convenient to use a "Mylar" poly- 
ester film as a support and interleaf in making 
rolls of film. 

Packages may be made from the films of 70 
this invention on many of the commercially 
available types of plastic film package making 
machinery. In the laboratory, bags may be 
made from the dry films of this invention in 
the following manner. A 1/4 inch band is 75 
carefully moistened along three edges of a 
rectangular piece of the film. A second piece 
of film of the same size is placed over the 
first piece and mild pressure is exerted along 
the wetted edges to produce a bag with three 80 
sealed edges. It can be filled with a powder 
and the fourth edge sealed in the same manner 
as the other three. Heat sealing may also be 
used with temperatures of about 120 — 140°C- 
and pressures of about 5—25 lb/in 8 . 85 

In order to protect the water-soluble pack- 
age during storage, shipping and handling, a 
moistureproof overwrap must be provided to 
prevent damage from atmospheric moisture 
such as high humidity, rain, and dew and from 90 
accidental contact with water by splashing or 
wet hands. This moistureproof overwrap can 
be provided for either individual packages or 
groups of packages, whichever appears to be 
most desirable for the individual case. Of 95 
course, once the overwrap is removed, the 
soluble packages must be protected from water 
contact or must be used promptly. 

Suitable materials for the overwrap are the 
polyolefin films such as polyethylene or poly- 100 
propylene, Kraft paper moistureproofed with 
plyethylene, moistureproof "Cellophane", 
glassine, metal foils, polyester, polyvinyl 
chloride, polyvinylidene chloride or waxed 
paper and combinations of these materials as 105 
in laminates. The choice of the overwrap 
would be dictated by costs and strengths 
required. 

The cold water soluble packaging films of 
this invention are useful for packaging of 110 
pulverulent, dusty, noxious, irritating and/or 
toxic materials which .must be dispersed, 
slurried, suspended or dissolved in water or 
mixed solvents, one of which is water. 
Examples of chemicals which are usefully 115 
packaged in premeasured portions in these 
films are pesticides, specifically insecticides, 
herbicides, nematiddes and fungicides, clean- 
ing products such as laundry detergents, 
bleaches and caustic products, process chemi- 120 
cals such as carbon black, activated charcoal, 
pigments and dyes, foodstuffs and food addi- 
tives. Other uses involve preparing pre- 
measured portions of incompatible materials 
such as flour and oil; benomyi and maneb 125 
fungicides; and the like in separate water 
soluble film packages and overwrapping these 
separate packages in a single moistureproof 
packaging material. When used, the separate 
water soluble packages containing the pre- 130 
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measured portion of additive or chemical are 
added simultaneously to the liquid in suitable 
mixing equipment, thus preventing premature 
reaction or mixing and eliminating sources of 
5 measuring errors. 

The following Examples and related test 
procedures further illustrate this invention. 



FUm Dissolving Rate 
The rate of dissolution of dried film is 

10 measured by immersing quickly to a depth of 
2 inches in water at 40—45 °F. a 1 inch wide 
by 4 inches long film strip. A 0.6 g weight 
(one No. 1 "Gem" paper clip) is attached to 
the end of the strip to provide a slight load 

15 to sink and hold the film strip straight. The 
time of immersing is noted and the time when 
film strip dissolves leaving a sharp clean line 
at the water surface with no stringers or blobs 
apparent in the water. The time difference is 

20 noted as the dissolving time. Times less than 
1 minute per 0.001 inch of thickness are 
judged to be acceptable for water soluble 
packaging film. 

Flexibility Test 

25 Flexibility of the water soluble films is 
determined by creasing a 1 inch wide x 4 
inches long film strip by folding the film upon 
itself in the 4 inch direction and pressing the 
crease with a fingernail to form a sharp fold. 

30 The film is judged satisfactorily in regard to 
flexibility if no crack appears at the ends of 
the crease. 

Example 1. 
A stock solution containing 33 weight per- 

35 cent of polyvinyl alcohol (PVA) polymer is 
prepared from "Elvanol" 51—05, 88.2—89.2 
mol percent hydrolyzed polyvinyl acetate (E. 
I. du Pont de Nemours & Company) polymer 
of weight average molecular weight of about 

40 21,800, by slowly adding 330 grams of the 
polymer to 670 grams of water maintained at 
50 — 60°C, while rapidly stirring the mixture. 
After several hours the polymer solution is 
clear and gel-free and has a viscosity of about 

45 500 cp. The solution is set aside to cool and 
is stored in a sealed bottle. 

To 67.5 g of the stock PVA solution is 
added 112.5 g. of a 20% by weight polyvinyl 



pyrrolidone solution, PVP K— 90, weight 
average molecular weight of about 360,000 5C 
obtained from GAF Corporation, Grasselli, 
N. J., and 100 g. of water to adjust the mix- 
ture solution to about 500 cp. The mixed 
polymer solution is stirred for several minutes 
until homogeneous. 55 

Films are doctor knife cast onto 0.010 inch 
thick "Mylar" polyester film supported on a 
flat glass plate using a casting slot 8 inches 
long x 0.010 inch wide. Cast films are 8 
inches wide x 24 inches long x 0.010 inch 60 
thick. The filing are air dried at room tem- 
perature, about 27°C, for several hours on 
the "Mylar" film until they were no longer 
"tacky" to touch. The films are then finish 
dried by placing them, still on the "Mylar" 65 
film support, into an air oven at 90°C for 
about 20—30 minutes. 

After drying, the films on the support are 
removed from the oven and cooled. The 
mixed polymer films are stripped from the 70 
"Mylar" suport by lifting one edge with the 
corner of a sharp razor blade and carefully 
pulling the film free. The dry film is 0.0015 
inch thick. 

The dry film is transferred to an 18 inches 75 
x 30 inches polyethylene bag and the bag 
sealed to protect the film from moisture and 
atmospheric humidity. 

A portion of the dried mixed polymer film 
is removed from the bag and 12 strips, 4 80 
inches long and 1 inch wide, are cut from 
this portion. The remaining film is reseated 
in the polyethylene bag. The film strips are 
placed in a second polyethylene bag. Six of 
the film strips are used for solubility tests, 85 
and six are used for flexibility tests, as des- 
cribed above. The film strips dissolve in less 
than 1.0 minute and exhibit excellent behavior 
in the flexibility test. Other physical properties 
of the mixed polymer film are measured at 90 
75°F. and 35% relative humidity as: tensile 
strength— 4,000 psi; initial modulus — 410,000 
psi; and tear strength— 8 g. 

Additional examples are shown in . Tables 
1 and 2. All films in these examples were pre- 95 
pared as in Example 1 using different polymer 
combinations. The data in Table 2 demon- 
strate the necessity of having two different 
polymers in the film to obtain satisfactory 
flexibility and dissolving rate. 100 
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Polyvmyl Pyrrolidine The foUowing mixed polymer plus plastic- 

Polyvinyl pyrrolidone soluuon is that of izer solutions are prepared and used to cast 

Example 3, molecular weight of 360,000 and films with a 0.015" casting slot and dried as 

is used as received: 20 parts by weight of in Example 1: 
polymer to 80 parts by weight of water. 

Casting Solution 



Polyvinyl Alcohol Solution Plasticizer 
PVP Solution 



Film 


Solution 


Parts by 
Weight 


parts by 
weight 


parts by 
weight 


Type 


Parts by 
weight 


\ 


A 


212 


150 


138 


glycerine 


20 


2 


A 


242 


100 


158 


glycerine 


10 


3 


A 


272 


50 


178 


glycerine 


10 


4 


B 


266 


100 


134 


glycerine 


5 


5 


B 


266 


100 


134 


clvcerine 


in 


6 


B 


200 


200 


100 


glycerine 


5 


7 


B 


200 


200 


100 


glycerine 


10 


8 


n 

D 


ZUVJ 


200 


100 


glycerine 


20 


9 
10 


A 
A 


212 
212 


150 
150 


138 
138 


ethylene 
glycol 

ethylene 
dvcol 


5 
10 


11 


. A 


212 


150 


138 


ethylene 


20 


12 


A 


242 


100 


158 


ethylene 
glycol 


5 


13 


A 


242 


100 


158 


ethylene 
glycol 


10 


14 
15 


A 
A 


272 
272 


50 
50 


178 
178 


ethylene 
glycol 

ethylene 
glycol 


5 
10 


16 


B 


266 


100 


134 


ethylene 
glycol 


5 


17 


B 


266 


100 


134 


ethylene 
glycol 


10 


18 
19 


B 
B 


200 
200 


200 
200 


100 
100 


ethylene 
glycol 

ethylene 
glycol 


5 
10 


20 


B 


200 


200 


100 


ethylene 
glycol 


20 


21 


A 


212 


150 


138 


none 


0 
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The dried films are removed from the 
"Mylar" support and immediately placed in 
polyethylene bags. 

The dissolving rate and resistance to flex- 
ing arc determined for each of the films. 
Resistance to flexing under stress is deter- 
mined by conditioning for 24 hours at 35% 
relative humidity, a 4" x 7" film to be tested. 
One inch wide strips along each of the 7" 
edges are damped between two parallel 
rubber-faced jaws, 1/2" apart, and in the same 
plane. The 2" width of undamped film forms 
a "U" shape between the jaws. The assembly 
is arranged to rotate the common plane of the 
jaws at 60 rpm around a center line lying in 
the plane in the 4" direction of the film, and 
passing through the center of the closed jaws. 
One jaw is fixed. The second jaw, weighing 
4 pounds, is arranged to slide freely maintain- 



ing parallelism with the 1/2" spacing from 
the fixed jaw and restrained only by the film 
under test. Thus each half revolution of the 
assembly, the movable jaw moves relative to 
the fixed jaw, removing the slack from the film 
specimen being tested, and producing a series 
of diagonal and parallel wrinkles in the film 
extending from jaw to jaw. When the plane 
of the jaws is vertical, a load of 4 lbs is 
applied to the film under test The sliding 
jaw applies an initial shock load to the film 
each half revolution as it slides from one 
extreme position to the other. Each half 
revolution is counted as one stress-flex cyde. 
The test is terminated when the film sample 
breaks, allowing the movable jaw to strike a 
switch which interrupts the electrical power 
used to rotate the assembly. The results are 
as follows : 



20 



25 



30 



35 







Composition 
parts by weigh) 


t 


• Thickness 
inches 


Dissolving 
Time, min. 


Stress-Flex 
Cydes to 
Failure 


Film 


PVA 


PVP 


Plast 


1 


70 


30 


20 


0.0030 


0.40 


918 


2 


80 


20 


10 


0.0020 


0.57 


492 


3 


90 


10 


10 


0.0030 


0.60 


1474 


4 


80 


20 


5 


0.0015 


0.97 


83 


5 


80 


20 


10 


0.0020 


0.67 


470 


6 


60 


40 


5 


0.0015 


0.71 


12 


7 


60 


40 


10 


0.0020 


0.44 


76 


8 


60 


40 


20 


0.0020 


0.42 


307 


9 


70 


30 


5 


0.0025 


0.64 


162 


10 


70 


30 


10 


0.0025 


0.55 


161 


11 


70 


30 


20 


0.0020 


0.68 


110 


12 


80 


20 


5 


0.0020 


0.66 


205 


13 


80 


20 


10 


0.0020 


0.60 


142 


14 


90 


10 


5 


0.0025 


0.95 


267 


15 


90 


10 


10 


0.0015 


0.88 


506 


16 


80 


20 


5 


0.005 


0.87 


243 


17 


80 


20 


10 


0.0010 


1.24 


302 


18 


60 


40 


5 


0.0015 


0.71 


73 


19 


60 


40 


10 


0.0010 


1.73 


194 


20 


60 


40 


20 


0.0015 


1.51 


177 


21 


70 


30 


0 


0.0010 


0.51 


0 



40 Example 15 

This example is presented to demonstrate the 
effectiveness of essentially non-volatile plastic- 
xzers. 



The following mixed polymer solution is 
prepared: To 200 parts by wdght of the high 45 
molecular weight polyvinyl pyrrolidone solu- 
tion of Example 16 are added 374 parts of 
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water, thoroughly stirred. To this dilute solu- centration solution by adding the polyvinyl 

ticra i of PVP is slowly added with rapid stirring alcohol to water using the same degree of 10 

93.3 parts by weight of the granular low mole- stirring. Polyethylene glycol, "Carbowax" 400 

cular weight polyvinyl alcohol polymer of Union Carbide Chemical Corporation, a low 
Example 1. A smooth gel-free solution of . volatility plasticizer, is added to the mixed 

mixed polymers results after only stirring 30 polymer solution. 

nunutes. This is in contrast to the several hours The following solutions were prepared from 15 

which are required to prepare the same con- which films are cast, as in Example 16- 



Casting Solution 


Mixed Polymer Solution . 
Parts by Weight 


Plasticizer 
Parts by Weight 


1 


500 


5 


2 


500 


10 


3 


500 


15 


4 


500 


20 


5 


500 


30. 


6 


500 


0 



i^l^^ f H ms ^examined for solubility rate and resistance to flexure, as in Example 
16. The following results are obtained: *<uu F ic 



Rim Composition 
Parts by weight 



Film 


PVA 


PVP 


Plast. 


Solubility 
time, min. 


1 


70 


30 


5 


0.60 


2 


70 


30 


10 


0.57 


3 


70 


30 


15 


0.54 


4 


70 


30 


20 


0.50 


5 


70 


30 


30 


0.45 


6 


70 


30 


0 


0.65 



Flex-Stress 
Cycles to Fail 



15 
40 
80 
1*50 
450 
0 



These films exhibit much greater handling 
ease than those of Example 16, when exposed 
to relative humidities of 50% or higher. 

Example 16. 

25 This example illustrates the preparation of 
a mixed polymer film for packaging of pesti- 
cides, the preparation of pesticides in water 
soluble film packages and combinations of 
soluble film packages of .pesticides and mois- 

30 tureproof overwraps to protect the water 
soluble film packages. 

Preparation of Mixed Polymer Casting 

Solution and Films 
To 430 parts by weight of the polyvinyl 



pyrrolidone solution of Example 16 is added 35 
1000 parts by weight of water and 43 parts by 
weight of glycerine. The mixture is thoroughly 
stirred to yield a smooth, uniform, dilute 
polymer solution. To the dilute solution is 
slowly added 200 parts by weight of the 40 
granular polyvinyl alcohol polymer of 
Example 1 with vigorous stirring. Stirring is 
continued for 30 minutes, allowing the tem- 
perature to rise to about 50°C. The solution is 
transferred to bottles, sealed, and allowed to 45 
cool. 

In order to prepare bubble (pin-hole) free 
films, the solution is degassed by centrifuging 
thirty-five ml portions in polyethylene centri- 
fuge tubes, eight portions at a time, using 50 



10 



1,330,745 



10 



10 



15 



20 



Sorvall Superspeed Centrifuge type SS3, 
manufactured by Ivan Sorvall, Inc., Newton, 
Connecticut, operating at 12,000—13,000 rpra 
for 10 minutes. Films are prepared from 
the centrifuged solutions, as in Example 16. 

Preparation and Fitting of Mixed Water- 
Soluble Polymer Film Packages 

Envelope packages are prepared from the 
water soluble film by placing two rectangular 
sheets of the mixed polymer film face-to-face, 
so that the edges coincide and heat sealing 
three edges, using a Sentinel Pacemaker Heat- 
Sealer, Model 12— TP, manufactured by 
Packaging Industries, Hyannis, Mass., with a 
heating cycle of 1.5 seconds, and a cooling 
cycle of 2 seconds. 

The soluble packages are filled by pouring 
the weighed pesticide powder into the previ- 
ously prepared envelope, moistening about 
1/4" wide strip along the inner face of the 
unsealed open edge, vacuum-exhausting tne air 
through a 1/16" diameter "Teflon" polytetra- 



fiuoroethylene tube after the open edge is 
closed, allowing about 1/2" length of the tube 
to extend into the envelope through the seal, 25 
withdrawing the tube while maintaining an 
essentially air-tight seal, and finally heat- 
sealing the fourth edge. These sealed water 
soluble packages are place in the moistureproof 
overwrap described below. 30 

Application of Moistureproof Overwrap 
Envelope packages to serve as the moisture- 
proof overwrap for the soluble packages are 
prepared from Type K Cellophane, E. I. du 
Pont de Nemours & Co., Wilmingron, Dela- 35 
ware. The overwrap envelopes are made by 
the same method as for the soluble film pack- 
ages by heat-sealing three edges except the 
films are cut to be 1/2 — V larger overall than 
the soluble film package which it contains. 40 

The soluble film package is placed into the 
overwrap envelope and the fourth edge of the 
overwrap package heat-sealed. The following 
packages of pesticides are prepared. 



Single Pesticide Packages: 




Pesticide 


Soluble Package Contents 


Lannate Methomyl Insecticide 


8 oz 


Manzate Maneb Fungicide 


4 oz 


Karmex Diuron Weed Killer 


16 oz 


Hyvar X Bromacil Weed Killer 


16 oz 


Sinbar Tcrbacil Weed Killer 


12 oz 


Benlate Benomyl Fungicide 


50 g 


Fungicide Combination Packages: 




Soluble Package Contents 


Benlate Benomyl Fungicide 


Manzate Maneb Fungicide 


4 oz 


4 oz 


3 oz 


12 oz 


4 oz 


12 oz 


50 g 


200 g 


50 g 


375 g 



The pesticides are not adversely affected by 
storage in the overwrapped water soluble 
packages, as shown by chemical analysis after 
accelerated storage tests at 45°C for 21 days. 



The packages are used to make up aqueous 
solutions or dispersions for spraying by con- 
ventional agricultural equipment by opening 
the outer wrap by tearing along a heat-sealed 
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edge, inverting the open package, and allowing 
the inner packages to fall into a mixing tank 
containing water. The soluble packages dis- 
solve completely in less than three minutes, 

5 allowing the pesticides to dissolve or disperse 
in the water. The resulting solution and 
slurries are pumped through fine screens (50 
mesh — U.S. Standard Sieve) and fine nozzles 
(Unijet 1/4 T8003 made by Spraying Systems 

10 Co., Bellwood, Illinois) used on agricultural 
spray equipment, and there is no evidence of 
any difficulty due to plugging of screens or 
nozzles. Examination of the screen showed no 
undissolved film or viscous gelatinous residues. 

15 The outer wrap, which is free from any con- 
tamination from the contents of the package, 
is disposed of by burning or burying without 
any risk of contaminating the enviroment. 
The terms "Teflon", "Mylar", "Cello- 

20 phane", "Gem", "Carbowax", "Lannate", 
"Manzate", "Karmex", "Hyvar", and "Ben- 
late" used throughout this specification are 
Registered Trade Marks. 

WHAT WE CLAIM IS: — 
25 1. A film which is 0.0005 to 0.010 inch 
thick and which comprises a mixture of: 

(a) 10 to 75%, by weight of the film, of 
a polymer which has a weight average 
molecular weight greater than 120,000 and 

30 which is polyvinyl alcohol (as hereinbefore 
defined) or polyvinyl pyrroKdone; and 

(b) 90 to 25%, by weight of the film, of 
a polymer which has a weight average mole- 
cular weight of less than 50,000 and which 

35 is polyvinyl alcohol (as hereinbefore 
defined) or polyvinyl pyrrolidone subject, 
however, to the provisos (1) that if polymer 
(a) is polyvinyl alcohol, polymer (b) is not 
polyvinyl alcohol and (2) that if polymer 

40 (a) is polyvinyl pyrrolidone, polymer (b) 
is not polyvinylpyrrolidone. 

2. A film according to Claim 1 which is 
0.001 to 0.005 inch thick. 

3. A film according to Claim 1 in which 
45 the mixture contains 20 to 50% of polymer 

(a). 

4. A film according to Claim 1 in which the 
mixture contains 25 to 35% of polymer (a). 

5. A film according to any one of the 
50 preceding claims having a dissolving time 

(measured as hereinbefore denned) of at most 
one minute in water at 45°F, 

6. A film according to any one of the 
preceding claims which also contains up to 35 

55 parts by weight per 100 parts by weight of 
the polymers (a) and (b), of a plasti riser which 
is dimethylformamide, dimethylacetamide, 



ethylene glycol, propylene glycol, glycerol or 
a water-soluble polyglycol. 

7. A film according to Claim 6 which con- 60 
tains 5 to 15 parts by weight of the plasticiser 

per 100 parts by weight of the polymers (a) 
and (b). 

8. A film according to Claim 7 comprising 

30 parts by weight polyvinyl pyrrolidone 65 
having a weight average molecular weight of 
about 360,000, 70 parts by weight polyvinyl 
alcohol having a weight average molecular 
weight of about 21,000 which is from 88 to 
90 mol percent hydrolysed polyvinyl acetate, 70 
and 10 to 15 parts by weight of glycerol or 
polyethylene glycol having a weight average 
molecular weight of about 400. 

9. A film according to Claim 1 substantially 

as described in any one of Examples 1 to 15. 75 

10. A film according to Claim 1 substan- 
tially as described in any one of Examples 14 
to 16. 

11. A sealed package containing a measured 
quantity of a powdered material and made of 80 
a film as claimed in any one of claims 1 to 5 
and 9. 

12. A sealed package containing a measured 
quantity of a powdered material and made 

of a film as claimed in any one of claims 6 to 85 
8 and 10. 

13. A package according to Claim 11 or 12 
wherein the powdered material is a pesticide, 
fungicide or herbicide. 

14. A package according to Claim 13 which 90 
contains methomyL 

15. A package according to Claim 11 or 12 
which contains a foodstuff or food additive. 

16. A package according to Claim 11 sub- 
stantially as described in any one of Examples os 
1 to 15. yD 

17. A package according to Claim 12 sub- 
stantially as described in any one of Examples 
14 to 16. 

18. A package comprising one or more 100 
packages as claimed in any one of claims 11 

to 17 enclosed in a moisture-proof over- 
wrapping. 

19. A package according to Claim 18 con- 
taining one package containing benomyl and 105 
one package containing maneb. 

20. A package according to Claim 18 sub- 
stantially as described in any one of the fore- 
going Examples. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14, South Square, 
Gray's Inn, 
London, WC1R 5EU. 
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